Abstract: Fossil fuels deliver most of the flexibility in contemporary electricity systems. The pressing need to reduce CO2 emissions requires that new methods of providing this flexibility are found. Demand Response (DR) offers consumers a significant role in the delivery of flexibility by reducing or shifting their electricity usage during periods of stress or constraint. Blocks of buildings offer more flexibly in the timing and use of energy than single buildings. However, a lack of relevant scalable ICT tools hampers DR in blocks of buildings. To ameliorate this problem a current innovation project "Demand Response in Blocks of Buildings" (DR-BoB: www.dr-bob.eu) has integrated existing technologies into a scalable cloud based solution for DR in blocks of buildings. The degree to which the DR-BoB energy management solution can increase the ability of any given site to participate in DR is dependent upon its current energy systems i.e. the energy metering, the telemetry and control technologies in building management systems, and the existence/capacity of local power generation and storage plant. To encourage participation in DR by the owners and managers of blocks of buildings, a method of assessing and validating the technology readiness to participate in the DR energy management solutions at any given site is required. This paper describes the DR-BoB energy management solution and outlines what we have called the Demand Response Technology Readiness Levels (DRTRLs) for the implementation of such a solution in blocks of buildings.
Introduction
Fossil fuels deliver most of the flexibility in contemporary energy systems [1] . As the percentage of renewable energy sources in the energy generation mix increases, it is becoming increasingly difficult to balance energy flows on electricity networks. This is because many of these technologies (i.e. wind and solar) are variable and largely uncontrollable. Therefore, flexibility from storage and demand response is necessary to accommodate renewable intermittency [1] . The loss of system inertia and the need to replace generator reserves with storage and demand response resulting from the removal of fossil fuels from the energy generation mix are well-studied [1] . If we are to further increase the amount of renewable energy in the energy mix, flexibility from storage and demand response is necessary to accommodate renewable intermittency [1, 2, 3, 4, 5] .
DR offers consumers a significant role in the delivery of flexibility by reducing or shifting their electricity usage during periods of stress or constraint: as such is one method of delivering the flexibility required [1, 2, 3, 5] . Traditionally DR refers to "changes in electric usage by end-use customers from their normal consumption patterns in response to changes in the price of electricity over time, or to incentive payments designed to induce lower electricity use at times of high wholesale market prices or when system reliability is jeopardized" [2] . Recent DR schemes, not only involve changes in electric energy use but also the optimisation of local power generation and storage [3, 4] . In the context of smart grids and increasing renewable energy sources in the generation mix, DR is becoming increasingly attractive as a cost effective way of meeting peak energy demand [1, 2, 5] . It may fulfil a number of potential roles:
More efficient utilisation of network, generator and consumer assets; Supporting the increased penetration of renewable energy on national energy grids;
• Easing capacity constraints on distribution networks and facilitating the further uptake of 46 distributed generation;
• Reducing required generator margins and the costs of calling on traditional spinning 48 reserve;
49
• Improving environmental credentials by reducing emissions. 
105
The configuration of the DR-BoB energy management solution enables facility managers, 
137
to support their decision to implement the DR-BoB energy management solution or similar solution.
138
The concept of DRTRLs for blocks of buildings is operationalised in the following way:
139
• Technology refers to the building/site energy and communication systems which 
142
• Readiness refers to time, specifically it means ready for operations at the present time;
143
• Level refers to the extent of the capability of a block of buildings to take part in the 144 DR-BoB energy management solution.
145
• Block of buildings refers to a group of buildings that may or may not be in proximity to 146 each other if under common governance.
147
The DR-BoB project aims to provide and validate a method of assessing levels of technology 148 readiness related to the technologies required for consumers' facilities managers, buildings and the 149 local energy infrastructure to participate in the DR energy management solution at any given site [8] .
150
Currently the following four technology readiness levels are defined:
151
• DRTRL-0 no capability, which is defined as a building/site does not have the technical 152 capacity to enable the implementation of the DR-BoB solution;
153
• DRTRL-1 manual capability, which is defined as a building/site has flexibility that can 
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To meet DRTRL-3 a building/site must additionally have:
193
• Automated, low latency (<15min), high frequency (<half-hourly) asset specific energy 194 metering;
195
• HVAC assets under direct control via an open or standard or BMS protocol;
196
• Temperature sensors in areas served by HVAC assets under direct control.
197
• Energy storage assets (electrical, thermal).
198
If the building/site under control has temperature sensors and close to real time energy 
Case Study: DTRL-3 at UK Pilot Site

222
As discussed in the preceding section, the DR-BOB energy management solution has been 
240
STOR event, the air temperature is brought back down to its set-point and normal cycling resumes.
241
As can be seen in Figure 5 , the electricity consumption for the corresponding STOR period is Clearly there is a trade-off between the level of comfort of users of the chiller and the amount of electricity curtailment; the development and implementation of an appropriate optimal control algorithm for this purpose is part of the ongoing work of the DR-BOB project. However, this case study helps to illustrate that at DRTRL-3, the potential for a fully automated DR solution exists at the UK pilot site.
Discussion and conclusions
The DRTRL scale discussed in this paper is applicable to the assessment of the technical readiness of a block of buildings for the implementation of the DR-BoB energy management solution. It does not consider the maturity of the market in any given context or the potential financial value for a building owner /manager of participating in DR in general. Rather, the DRTRL begins to provide a method of assessing the technical readiness of blocks of buildings to take part in DR. Indeed, high resolution metering data, available at DRTRL 2 or higher, is required to provide a reliable assessment of a specific building's, or BoB's, load profile and potential for DR. Although not advisable, it is perfectly possible for manual participation in DR actions without prior knowledge of potential value to the end user. Further, the DRTRL approach is agnostic to building use, be it it can receive these requests and reschedule an energy consuming asset's running. However, such pre-requisite for emerging dynamic demand control [18, 19] .
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It was also noted that some sophisticated building management systems may not allow third 
295
The authorities involved in urban planning also have the potential to facilitate DR in blocks of 296 buildings by mandating or favourably considering developments incorporating the technical 297 capabilities outlined above. For instance in the UK, the so-called "Merton Rule 4 " mandating on-site 298 renewables has already proved influential far beyond the specific authority [18] . For example, since
299
2013 Ealing Council have required major developments to show how they will verify 300 post-construction energy performance through automated monitoring [20] ."
301
The concept of DRTRLs presented here maybe expanded, to offer a useful, common way to 302 measure the maturity of a buildings energy systems for DR. This is particularly interesting in the 
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